Weeds are the major limiting factor for taking higher yields of rain-fed wheat. Temporal and vertical seed bank distribution and weed flora dynamics associated with crop productivity were studied in wheat crop preceding different tillage systems integrated with glyphosate herbicide in a field experiment for two consecutive years. Seven tillage treatments viz. T1: Once Mould board plowing followed by 8 cultivations, T2: No-till followed by twice application of glyphosate, T3: Once Mould board plowing followed by twice application of glyphosate, T4: Once Mould board plowing followed by 4 cultivations, T5: Once disc harrowing followed by twice application of glyphosate, T6: Once disc harrowing followed by 4 cultivations and T7: Once chisel plowing followed by twice application of glyphosate were applied in the fallow periods (summer seasons) of both years. Results showed that seeds of 12 species of winter weeds belonging to nine families were observed in the study area. Seed of five weed species i.e. Chenopodium album, Fumaria indica, Convolvulus arvensis, Asphodelus tenuifolius, Euphorbia helioscopia and Melilotus indica were observed as more dominant weed community in the study area. In soil profile maximum seeds (40956 m -2 ) were found from 0 cm to 10 cm soil depth whereas, temporally, maximum seeds (28033 m -2 ) were observed at post-harvesting stage as compared with pre-sowing of wheat. Tillage systems with maximum cultivations applied in summer season reduced the weed seed bank density to 21419 m -2 and resulted in maximum wheat grain yield 3.9036 t ha -1 . There was a negative and strong correlation between tillage intensity and seed bank density of winter weeds. Yield of wheat was minimum in treatment where Chisel plowing was conducted once following glyphosate application and it was not significantly different from all other minimum tillage practices. Tillage intensity integrated with glyphosate showed positive and strong correlation with the grain yield, but, negative and weak relationship with weed flora population density, whereas, density of weeds showed negative and strong effect on grain yield. In crux, 1 Mould Board plowing following 8 cultivations is recommended for reduction of seed bank density, population of winter weeds and for taking higher yield of rain-fed wheat.
INTRODUCTION
Weed seeds represent the main source of annual weed invasion and establishes a weed seed bank in agricultural production and development system (Montaldo, 1995) . The weed seed bank reproduces the history of weeds, weeds control and is an indicator of future competition between weeds and crops. The addition of new seeds into the seed bank is affected by how effective the weed control method is. Variations in the weed seed bank are due to direct effect of tillage practices on the existing weed seeds in soil and the plenty of seed producing weeds. Tillage practices influence the weed seed bank where some weed seeds are encouraged to germinate (Roberts and Feast, 1972) , although other weed seeds are buried and remain viable in the deep soil for a long period of time (Roberts and Feast, 1972; Mohler and Galford, 1997) . Tillage practices work as a filter that influences weed species and weed seed distribution in the soil seed bank. Research show changes in weed species composition as a significance of tillage practices (Cussans, 1975) . Different tillage systems can affect the weed species composition of agricultural plant populations varying from traditional tillage to conservation tillage (Ball and Miller, 1993) . Dorado et al. (1999) studied the weed seed bank response to crop rotation and tillage i.e. moldboard plow and NT (no-tillage) and they found largest and most diverse weed seed bank in no-tillage system but, according to Wrzesinska et al. (2013) weed species composition and diversity of soil seed bank after ploughing and direct drilling (DD) was same, although in NT treatment this number was lower by three species. Weed control is becoming harder in conservation tillage because of decrease or complete removal of mechanical operations and for this reason, it is important to gain advanced research information about the soil weed seed bank (Forcella et al., 2003) . Tolimir et al. (2006) distinguished considerable lower weed infestation per square meter in conventional tillage compared to the reduced. Auskalniene and Auskalnis (2009) reported key weed species including Chenopodium (Ch) album L., Lamium (L) purpureum L. and Stellaria (S) media L.; accounted for 82.4 to 84 percent of the total seeds number in the weed seed bank. Tillage practices can have great control on weed seeds distribution in the soil for their survival (Lutman et al., 2002) . Feldman et al. (1997) and Dorado et al. (1999) investigated that more seeds were left in the upper soil than in the lower layer of soil where reduced tillage was applied while there was a more uniform spreading of weed seeds in plots with tillage actions. Barberi et al. (1998) claimed that most weeds seed are very near to the soil surface and the tillage operations do not affect seed numbers but according to Swanton et al. (2000) mostly 71% of the seeds were concentrated at the depth of 10±15 cm in soil layer, Ploughing practices may invert the weed seed bank distribution and carry the seeds from lower soil profile to a depth which is appropriate for germination. To ensure food security and alleviation of rural poverty in densely populated country like Pakistan, there is a dire need to investigate the sustainable weed control strategies for rainfed wheat. So, keeping in view above mentioned subject the study of weed seed bank and weed population dynamics of winter weeds under different tillage systems in agroecological system of Pothwar Region in Pakistan seems to be very much important to design its future weed management strategies. Therefore, the objective of this study was to assess the effect of different tillage systems alone or integrated with glyphosate (a non-selective herbicide) applied at fallow period on weed seed bank and the population dynamics of winter weeds under rain-fed conditions in wheat. These findings could be used in future for better weed management strategies in rain-fed areas.
MATERIALS AND METHODS

Experimental site and design:
This study was carried on a sandy loam type of soil with Udic Haplustalfs group during the summer and winter seasons of 2012-13 and 2013-14 at Research Farm of PMAS-Arid Agriculture University, Rawalpindi located at (latitude 33°N, longitude 73° and altitude 500 masl) in Pakistan. The physico-chemical properties of the experimental soil are mentioned in Table 1 . The site was selected one year before experimentation to select a diplomat and weed infested field. The seed of Chakwal-50 wheat cv. was received from a nearest agricultural research institute (Barani Agricultural Research Institute Chakwal) and was seeded on October 23, in 2012 and on October 28, in 2013 having 22.5 cm row to row distance. Nitrogen, phosphorus and potash containing fertilizers were used at the rate of 90, 60 and 60 kg ha -1 , respectively in the form of urea, DAP (di-ammonium phosphate) and SOP (sulfate of potash) as sources of fertilizers, respectively. Full doses of phosphorus and potash were banded with seed-cumfertilizer sowing drill at the sowing time but the nitrogen fertilizer was split up in two episodes, first episode was applied at sowing time and second at the completion of tillering stage through broad casting method according to the rainfall availability. The design of experiment was used as randomized complete block design with four replications having 13.5 m × 13.5 m net plot size as per (Ali et al., 2016a, b) . Experimental treatments: Different tillage combinations integrated with a non-selective herbicide glyphosate (Round up) were applied during fallow period of this study. Following are the treatment combinations used for this experiment i.e. T1 = Once Mould board plowing followed by 8 cultivations, T2 = No-till followed by twice application of glyphosate, T3 = Once Mould board plowing followed by twice application of glyphosate, T4 = Once Mould board plowing followed by 4 cultivations, T5 = Once disc harrowing followed by twice application of glyphosate, T6 = Once disc harrowing followed by 4 cultivations and T7 =. Once chisel plowing followed by twice application of glyphosate. The glyphosate herbicide where treated, was used in two applications at the rate of 2.5 lbs a.i. per hectare. In conventional and reduced tillage systems (T1, T4 and T6), the seeding was conducted with conventional seed-cum-fertilizer drill while, sowing was done with no-till drill in conservation tillage treatments i.e. (T2, T3, T5 and T7) as per (Ali et al., 2016a, b) . Weed seed bank density: For reference collection, seeds of different weeds were collected from experimental area and its surroundings one year before the experiment. Seed bank density of winter weeds was determined with sieving method. For this purpose sampling of the soil was carried out before the sowing of wheat crop in W shape from five places randomly from each plot at three soil depths i.e. 0-10 cm, 11-20 cm and 21-30 cm. Soil samples were taken by using steel probe of 2.5 cm diameter. The soil cores of same depth were bulked and mixed to make composite soil samples. One hundred gram weight of each sample was used as working sample from these composite soil samples for the determination of soil weed seed bank. The soil samples were then transported to laboratory and stored at low temperature until further processing to avoid germination of winter weeds seeds. In sieving method, seeds were extracted from soil by sieving of soil sample through various sieves with different mesh sizes using method adopted by (Konstantinovic et al., 2011; Hussain, 2014 : Ali et al., 2016b . Each 100 gram soil sample was initially poured on sieve having 80 meshes per square inch and placed in water for softening the soil clods. The sample was then immersed in the sodium hexa-metaphosphate solution (40 g L -1 of water) in order to disintegrate the soil particles. The soil samples were shifted to the bucket having tap water and shaked well to filter out all clay and silt particles and removed from sample. The remaining material on the sieves was air dried and transferred on the filter paper for complete drying of samples. These dried samples were then passed through a descending series of sieves i.e. mesh no. 10, 18, 30, 40, 50 and 80. Seeds remained on the sieves were collected for identification and further processing. Viability of seeds was determined by using crushing method, i.e. by applying gentle pressure to the seeds with the help of forceps and seeds showing resistance to this pressure were considered as viable. Viable seeds extracted from soil were compared with the reference seeds to identify seeds using high magnification lens (10×) and seeds of each species were counted. The soil weed seed bank composition was determined by calculating the total number of weed seed species found under each tillage, stage and depth. Weed seed communities were determined by determining the dominant weed groups under different tillage systems, experimental stages and soil depths. For finding seed density, number of seeds in each sample extracted through sieving method were counted and converted into number of seeds per m -2 (Kroschel, 2001; Hussain, 2014; Ali et al., 2016b) .
Number of seeds m -2 = Number of seeds in 100 g soil × Bulk Density × 10 × 100
Weed seed vertical distribution was calculated using percentage of weed seeds at three soil depths (Magurran, 1988; Kobayashi et al., 2003; Hussain, 2014; Ali et al., 2016b) . Weed flora population density: Weed population of winter weeds was found through the integrated use of different weed indices (Stapper et al., 2003; Qureshi and Memon, 2008; Devasenapathy, 2008; Gupta, 2011; Hassannejad and Ghafarbi, 2012; Ali et al., 2014 and 2016b) . Weed density per square meter of all weeds was recorded by dividing total number of plants found in all quadrates of one square meter to the total number of quadrates studied. Statistical analysis: Data collected on all parameters were analyzed statistically by using MSTAT-C software on computer (Crop and Soil Sciences Department, Michigan University, USA). Least significance difference (LSD) test at 5% probability level was applied to compare the treatments means (Steel and Torrie, 1980) . Meteorological data are presented in Figure 1 (Ali et al., 2016a) . Regressions and correlations were determined using Statistix 8.1 version software. Cluster analysis were done using computer software PAST version 2.17c (Hammer et al., 2001) . 
RESULTS
Seed bank composition:
Twelve weed species were found in soil weed seed bank of study area which belonged to nine families. Ch. album was found as dominant weed species all over the experiment (Fig. 2) .
Figure 2. Mean seed density of all weed seeds species (Pooled for two years).
Seed bank communities:
According to the cluster tree ( Fig. 3 
Seed bank density (m -2 ):
The mean data about seed density under different tillage systems presented in Table 2 and Figure 4 showed that higher number of weed seeds m -2 (29476) was extracted from the soil samples taken from Notill + glyphosate followed by 1 Chiseling + glyphosate (27399) and 1 Disc harrowing + glyphosate (25653); whereas, the lowest total seed density m -2 (21419) was found in the treatment where 1 Mould board plowing was done following 8 cultivations. The data regarding seed density m -2 in different layers of soil profile showed that all tillage systems accumulated higher number of weed seeds on upper soil layer compared to middle and lower layers (Table 3 , Fig. 5 ). Means of weed seeds m -2 depicted that highest number of weed seeds was found in upper soil depth as compared to middle and the lower soil depths. The data presented in Table 4 depicted that more weed seeds m -2 were observed at harvest stage (28033) Study of seed bank and weed flora in rain-fed wheat harvest stage showed that during 2012-13, lower number of weed seeds m -2 (19022) was found at pre-sowing stage as compared to post harvest stage (25967). Whereas, during second year, higher number of weed seeds m -2 was extracted from the soil at post-harvest stage (30098) as compared to presowing stage (24634). 
Seed bank vertical distribution (%):
Overall the highest mean number of seeds 54.99% was found in upper depth while 28.54% in middle and 16.33% in lower soil depth, respectively (Fig. 5 ). Data presented in Figure 6 showed that different tillage treatments significantly affected the vertical distribution of weed seed bank in all the soil layers. Density of weed flora (m -2 ): Overall, sixteen species of winter weed flora were identified from the study area. The data regarding weed species and year wise density of weed flora m -2 are presented in Table 5 . The data revealed that there was a significant variation in the mean density of all weed species. The weed species were grouped on the base of their mean density through cluster analysis ( Fig. 7) and it was found that three weeds species i.e. Ch. album, A. tenuifolius and F. indica were dominant in flora group having the highest weed density m -2 (24.64) followed by (11.58) and (8.90), respectively. The lowest mean weed density (0.01) was recorded in Hordeum (H) vulgare and Cirsium (Ci) arvense in pooled density data of two years. yield of wheat (t ha -1 ) : The grain yield is the ultimate product of all yield components of wheat. The data regarding grain yield are given in Table 7 . 
DISCUSSION
The highest seed density m -2 in the zero-tillage system may be due to the reason that no-tillage encouraged the highest germination of weed seeds establishing more weed plants which after maturity ultimately produced large number of weed seeds in this tillage system. Thereafter retained in the soil as compared to conventional tillage system where frequent tillage did not allow the weeds to establish and suppressed the weeds at seedling stage which ultimately resulted in the total weed seed density reduction. To identify the effect of tillage intensity on density of soil weed seed bank, the tillage systems were arranged in ascending order of tillage intensity and their relationship was found through linear regression (Fig. 8) , which showed that the density of seeds was significantly decreased by increasing tillage intensity. Similarly the relationship between the density of seed bank and density of weed flora was determined through linear regression (Fig. 9 ), which showed that there was a positive and week relationship between weed flora and weed seed bank. These results are in agreement with the findings of Cardina et al. (2002) , who reported the highest density in no till system as compared to conventional tillage system on the other hand, these results are in contrast with the findings of Gosheh and Al-Hajaj (2005) who found that tillage with moldboard plow increased the soil weed seed bank of about all weed species. Whereas, Ali et al. (2016b) reported lower seed bank of C. arvensis under No-till system integrated with glyphosate herbicide that may be due to the efficient control of C. arvensis through glyphosate herbicide. In case of soil depths, the higher number of weed seeds in upper layer may be due to the fact that seeds of different weeds species probably took some more time to penetrate into the lower soil depths (Clement et al., 1996; Grandin and Rydin, 1998; Wagner et al., 2003; Gulshan et al., 2013) . cultivations with more soil disturbance were more likely to have uniform distribution of weed seeds in the soil layers. These results are in line with the findings by Ball (1992) , Yenish et al. (1992) , Clements et al. (1996) and Gulshan et al, (2013) who reported the effects of different tillage systems differently on vertical distribution of weed seeds. Similarly, while discussing weed flora density as affected by the sowing years, the highest weed density was observed in 2013-14 as compared in 2012-13. This higher density in 2 nd year of study may be due to the reason that there was no adequate rainfall at the time of growth stage of wheat which discouraged the establishment of wheat crop and supported the germination of 2 nd and 3 rd flush of weed flora at lateral stage resulting more crop and weed competition and reduction of crop yield in this year. As for as the effect of tillage systems on weed flora density is concerned the lowest number of weeds were observed in 1 Mould board plowing + 8 cultivations that may be attributed to the intense cultivation in this treatment; whereas, the maximum number of weeds in conservation tillage systems may be due to the reason that the crop did not germinate well in these treatments thus, poor stand establishment under this tillage system ultimately provided the opportunity to weeds to compete with the crop for nutrients and moisture. To find out the effect of tillage intensity on weeds density, the tillage systems were arranged in ascending order of tillage intensity along with the density data of weed flora and then their relationship was found through linear regression (Fig. 10 ) which showed that density of weeds was negatively affected by increasing tillage intensity. The effect of total density of weed flora on grain yield of wheat was also determined through linear regression (Fig. 11) , which showed that the grain yield was negatively affected by increased weed densities. The correlations coefficients for these two comparisons were -0.64815 and -0.017553, respectively, which showed that in former comparison the relationship was strongly negative but it was weekly negative in 2 nd case. Similar results were obtained by Tolimir et al. (2006) and Torresen et al. (2003) , who also noted considerably lower weed infestation per square meter under conventional tillage (7 weeds) as compared to reduced (39 weeds) and zero-tillage (46 weeds). Likewise, Demjanova et al. (2009) noticed that the total weed density was significantly decreased (16.3 plants m -2 ) with a mould board primary soil tillage system than with reduced tillage systems (36.7-39.2 plants m -2 ). Disk ploughing and shallow soil loosening treatments resulted in greater increase in weed density by 240 and 225%, respectively, in comparison to mould board ploughing. Wiese et al. (1996) also found that tillage treatments integrated with different herbicide applications at fallow period controlled field bindweed C. arvensis in two fallow periods and two winter wheat crops as compared to without herbicide application and no-till treatments. Whereas, Ali et al. (2016b) reported lower seed bank and weed flora of C. arvensis under No-till system integrated with glyphosate herbicide that may be due to the better controlling effect of glyphosate on C. arvensis weed. As for as the effect of tillage systems on grain yield is concerned, the maximum grain yield in 1 Mould board plowing + 8 cultivations , 1 Mould board plowing + glyphosate and 1 Mould board plowing + 4 cultivations may be because of heavier seed weight and larger seed size during 2013-14 that was probably attributed to deep tillage with mould board plough, low bulk density of soil, higher moisture content at sowing and tillering stage, more porosity of soil, ultimately greater aeration and movement of soil water and nutrients in these treatments; whereas, the minimum grains yield in 1 Chisel plowing + glyphosate followed by 1 Disc harrowing + glyphosate and No-till + glyphosate may be attributed to least number of fertile tillers (m -2 ), comparatively low number of grains per spike and least 1000 grain weight during 2013-14. The tillage systems were also grouped on the base of all yield contributing parameters through cluster analysis ( Fig. 12) and it was observed that 1 Mould board plowing + glyphosate and 1 Mould board plowing + 8 cultivations fell in same group as they performed similarly for producing higher yield of wheat. The effect of tillage intensity on grain yield was identified by arranging tillage systems in increasing order of tillage intensity along with grain yield data and then the regression line was drawn between these two factors which showed that the grain yield was significantly improved under intensive cultivation (Fig. 13 ). These results are in line with those of Usman et al. (2009 and 2010) , Malecka et al. (2012) and Ali et al. (2016a) , who reported higher grains yield under conventional and innovative sowing techniques, but the results are contradictory to the findings of Ahmad, (2002) , who found the highest grains yield under zero-tillage system. This variation in results may be due to climatic data variation or any other agro-ecological factor. Conclusion: This study concluded that, conventional tillage system highly reduced the seed bank during two study years, three soil depths and two growth stages of wheat crop; likewise, it also minimized weed flora of winter weeds that resulted into higher yield of rain-fed wheat than all other tillage treatments. Therefore, 1 Mould board plowing following 8 cultivations is recommended to the farmers under similar agro-ecological zones.
